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© Printer. 

© A color correction circuK is best adjusted to consistently obtain a stable, color printing by compensating for a 
change in the characteristic of a printer under the influence of ambient temperature and humid.ty. 

Before the printing of pictorial data, e.g., an image, (reference data produced by a reference data generator 
12) is entered into a printer engine (16) by which it is printed out on a sheet of a paper. This pr.rtted data is 
read in by a color sensor (13). which in turn produces an output detection signal. A feedback con rol c.rcurt 4 
produces a control signal necessary for a color correction according to the ^^^^ -Ij^^W 
and then sends it to the color correction circuit (15). The color correction circuit (15) is adjusted and corrects the 
colors of the pictorial data to be printed. The corrected data is printed out. Repeating this process for each color 
printing can prevent a variation in the printed colors due to the effect of ambient temperature. 
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BACKGROUND OF THE INVENTION 
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The present invention relates to a printer and more particularly to a construction of a full-color printer 
which is reliable without being affected by ambient conditions such as ambient temperature and humidity. 

Recently, color reproduction of documents by office automation facilities such as color printers, color 
scanners, color copiers and so on is being advanced. However, color printers cannot always reproduce an 
expected color according to the reference data when printing the latter on a sheet of paper. This may be 
due to two possible reasons. One of the reasons is concerned with the coloring method for color printing. 
Color printing utilizes the principle of subtractive color mixture, i.e., color is reproduced by superimposing 
three or four coloring materials (light absorbing pigments or dyes) on an image carrier starting from white (a 
colorless reflected image carrier), but in many practical cases, tr^e fundamental principle for the above- 
mentioned subtractive color mixture, i.e., the addition and multiplication effects cannot be realized. To solve 
this problem, a variety of color correction circuits have been proposed. 

The most simple method is to carry out the following 3x3 matrix operation according to the input signals 
V, "g" and "b" representing red, green and blue respectively. 
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In the equation (1), R (red), G (green) and B (blue) are corrected signals and an - as 3 are correction 
factors. These outputs may be subjected to further gamma correction through a gamma table. 

The second possible reason for which the expected color is not always obtained is that the characteris- 
tic of the printer changes with elapsed under time the influence of ambient temperature and humidity. For 
instance, in a sublimation type printer, the printing density is determined according to the temperature of 
the printing head (i.e., heat energy applied to the printing head). But, since the temperature of the printing 
head may be affected by the ambient temperature, it is clearly understood that the printing density may 
vary under the influence of the ambient temperature. 

Consequently, a problem has been created where the conventional printer cannot always print out the 
same data in the same color. Therefore, much time is required for the initial adjustment and maintenance of 
the printer. This increases the total cost of manufacturing and maintaining the product. 

To solve the above-mentioned problem, a printer capable of printing the correct color has been 
proposed, which has a temperature sensor and a humidity sensor and controls the amount of energy 
applied to a printing head by adjusting a constant of a color correction circuit, according to ambient 
conditions. 

The Japanese publication of unexamined patent application JP, A, 2-90142 also discloses a picture 
image recording device which includes a color printer capable of changing a color correction factor by 
sensing a variation in the of light's luminosity of the original picture. 

Furthermore, TAJIMA Johji, "Color Reproduction Processing for Digital Pagination System," (Journal of 
Japan Electro-communication Society, 85/4 vol. J68-D No. 4, p.710-717) introduced a color reproduction 
processing method which is practically applicable in a computer system for making color printing plates. 
Since in the computer system color images to be printed with cyan (C), magenta (M), yellow (Y) and black 
(B) inks shall be finally processed on a RGB(Red-Green-Blue) type CRT monitor, the following three kinds 
of color reproduction problems, i.e., (1) true display of a RGB image, (2) conversion of the RGB color 
system to the CMYK color system and (3) simulation display of a CMYK image are of great importance. 
The paper reported that the method could conduct the above-mentioned three kinds of color reproduction 
processing with a maximal chromatical correctness, obtaining practically satisfactory results. 

The above-mentioned method for obtaining the expected colors is such that the optical density of the 
print is controlled according to the detected heating temperature of the ink and the illumination of the 
original picture, which are subsidiary factors not being directly concerned with the printing color's density. 
The fact that the detected elements are different from the controlled object makes it difficult to design a 
practical device with an effective controlling system in its operations. Consequently, the prior attempts have 
not obtained satisfactory results. 
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SUMMARY OF THE INVENTION 

it is an object of the present invention to provide a printer which is best adjusted 
a stable coloring by compensating lor a change in the characteristic of a pnnter under the influence of 

^ EST ZTo'Z pleient invention to pro.de a printer which is provided with a 

it is anoin * ' feedback control circuit and a color correction circuit, by which the reference 

generator, * color sensor, a M^oon^c ^ mismatching Qf ^ prjnted colors ^ 

data having , certa n ^ -tiaUypnrrte ^ ^ ^^.^ d ^ prjnter under * e 

?I^rJt;^o^i^.^ the constant of the color correction circuit is so adjusted that the 
influence of the amoient co . above-mentioned system, whereby the practically 

data may be prntec lm< he ^SSSfar mismatching with theif known properties and then the necessary 
printed colors are sense and £~ ^"^^ J or prin 4 without being affected by the ambient 
Tn T JZ^ r;::Z rS and manufactured P^er that may operate stably without 
being affected by ^^.^^^ jn the sta g es of the initial design and the final adjustment 
• . ^TTnc Jrom the ai to improve the quality and performance of the product, 

before s*^^***^*™^ ^ produc t can also be shortened, which may contribute to a 

maintenance for correcting a change in the charactens- 
savings in the cost ot tne P™™**- ■ considerably in the maintenance costs. 

r.JL?M*TJ«to of a primed shwt hereon the reference data »as inWaHy. TM elumnates the 

The romance, M. oene*» P ^ es^eta «vjs^ ^ ^ ^ ^ ^ M M 
SSX tne £T^i 2« ahreys primed in .he expect ee,ors due «e the Mum. « . 
variation In the ambient rxndttfcnt. ^ leedback control circuit produces e 

sensor for measuring the reference . aaia p y J£ t signal of the CO |or sensor and 

^^^"pSr.^^e^S ^pHnfcd h y the printer en*ne,ao=o,din a to the 
45 data output from the reference data generator. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a view showing the basic construction of the prior art printer including a conventional color 
so correction ciroilt.^ ^ ^ ^ prjnting color density D and the energy (in n*. 

^-.T^rSS^ l^coSSoTat^ embodied in »e present invention 
Fig. 3 is a view tor explaining mf%Mm ^ m n f * hnst comouter 1or a pnnter according t 
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Present invention.^ ^ ^ ^ ^ ^ arrangemenl o( reference coto rs to be initially printed 

on a sheet of printing paper by a printer according to the present invention. 
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Figs. 6A, 6B, 6C are a view showing an example of giving gradation to reference colors to be initially 
printed on a sheet of printing paper by the printer, according to the present invention. 

Fig. 7 is a view for explaining how to read reference data by a color sensor of a printer according to the 
present invention. 

5 Fig. 8 is a view showing an example of the construction of a feed back control circuit of a printer 

according to the present invention. 

Fig. 9 is a flow chart showing the operations of a printer according to the present invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

70 

Fig 1 shows the basic construction of the prior art printer having a conventional color correction circuit. 
This printer is basically composed of a color correction circuit 2, a gamma table 3 and a printer engine 
(printer) 4. 

A signal applied to an input terminal 1 is subjected to color correction in a color correction circuit 2 
is according to the matrix operation expression (1). The color-corrected signal through the gamma table 3 is 
fed to the printer engine 4. If the printer engine 4 is supposed to be a sublimation type printer, its head is 
heated according to the applied signal and makes the ink sublimely diffuse and be transferred to a sheet of 
printing paper. Ink to be sublimated by the heated head of the sublimation type printer is characterized by a 
certain relationship between the energy applied to the printing head and the optical density of the print by 
20 sublimated ink. 

Fig. 2 is a graph showing the correlation between the print's color density (D) and energy (in millijoule) 
applied to the printing head of a sublimation type printer. The symbols Ooa in Fig.2 show yellow, magenta 
and cyan respectively. Various kinds of inks may have different values of print density with the same 
energy applied to the printing head. For this reason, data printing is carried out by adjusting the heat 
25 energy applicable to the printing head for each color according to the color image. 

Fig. 3 is a view for explaining a basic construction of a printer embodied in the present invention, which 
includes, a reference data generator 12, a color sensor 13. a feedback control circuit 14, a color correction 
circuit 15, a printer engine 16 and a color data input terminal 17. The shown printer 11 is controlled from a 
host computer. 

30 Fig. 4 is a block diagram showing a control system comprising a host computer for a printer according 
to the present invention. The printer 11 is controlled by the host computer 18 and operates through a 
network 19 in the controllable ambient conditions. 

When the host computer 18 sends a command to start printing, the printer starts to carry out sequential 
operations under the control of the host computer as follows: 

35 The reference data generator 12 produces reference data for determining a variation in the printed color 
under the influence of ambient conditions. This data is input to the printer engine 16 which in turn initially 
prints out the data on an inconspicuous marginal portion, e.g., a corner of a sheet of printing paper. The 
color sensor 13 detects the printed reference data and inputs them into the feedback control circuit 14 
which in turn generates a control signal necessary for controlling the color correction circuit 15 according to 

40 the sensed data. The color correction circuit 15 receives the control signal and determines the color correct 
ion factor to eliminate a variation in the colors being printed under the influence of the ambient conditions. 
The color correction circuit 15 receives data to be printed out from the host computer 18 through the input 
terminal 17 and performs the color correction for said data. The data to be printed out may be transferred 
from the host computer 18 to the color correction circuit 15 either for the period from the time of the initial 

45 printing of the reference data to the determining of the constant of the color correction circuit 1 5 or after 
determining the circuit's constant. The corrected data is now printed out by the printer engine 16. 
The construction and operation of each component is described in detail as follows: 
The reference data generator 12 is intended to store a set of reference data to be printed out in a ROM 
and hard disk memory. The data from the reference data generator 12 is digital data and corresponds to the 

so printing colors, e.g., red, blue, green, yellow, purple, light blue and black. Each of digital color data may 
have a given gradation. This data is initially printed out on a sheet of printing paper according to a starting 
command given by the host computer 18. 

Figs. 5A and 5B are views showing an example of an arrangement of reference colors to be printed on 
a sheet of printing paper by a printer, according to the present invention. The printed reference data 21 can 

55 be arranged along a short side margin 20b of a printing sheet of paper 20 as shown in Fig. 5A or along a 
long side margin as shown in Fig. 5B. In both cases they are printed in a marginal corner of the paper. Any 
arrangement can be applied but it may be concerned with the construction of the color sensor and a 
printing paper cutter to be described later. It is also unnecessary to limit the printing order of the colors. 
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The number of reference colors may not be limited to 7 colors « .defined by way o, example ,n the shown 
case As described above, it is possibie to indicate -"J^ " o1 each re1erence color to be 

Figs. 6A. 6B and 6Q are views show,nfi .an J^^J^ Fig. 6A shows that 
printed on a sheet of pnnt.ng paper by the prmter accor d.ng t o p ^ ^ 

the printed reference data 2V,s arranged ao ng S ^'f 7^ 9 ' rectengle 33 ^ ,„ Fig. 6C. Fig. 6B 
gradations of each color from ^^^JJ l^ng the .Ong side margin 20a of printing paper 20. 

condrtions at the time of starting the printin , I «P«*J^ ^ co)or sensor o1 a printe r. according to 

the y^tSrrjrJi 2, a sensing portion 23 and an A-O 

COT CX a ~ystem 13 comprises 

optical filters R (red), G (green) and B (blue) 23a '^T^^p^ eng ? ne 16. wherefrom printed 
D converting portion 24 and is ^ «-r«; °«™ C^ X^ be cons^ of discrete 
paper is taken out. This system ,s avatlabte , as a ^^SS. f iters and electronic circuits, 
parts such as CCD (charge-ooup e "^^^VE2£ of the printed reference date 21 . whereon 
, In Fig. 7. light from the light source 22 ' ei ™****" Qh the fl „ ers 23a and reaches the sensing 
reference data are preliminarily PJ"*^** «»£^J"£ ^J^a and the sensing elements 23b 
elements 23b. If the spectral sens.t.v,ty that s defend byl * e ™£ s V -g» and "b« (vectors) and to 
is ini «a,,y defined^ thoje ~r^££** -J-J"^ ^ ^ 
s 'X^^™^ *™*^ " ^B—tric metric system and the XYZ-co.or,metr,c system 
of the CIE (International Commission on se nsing portion 23 into a digital signal. 

The A-D converter 24 converts anoutput ^^.^^"^^e^ shown in Fig. 7. may be used to 
A plurality of the color sensors 13. , to assure the saving of time. It is 

rharacteristic of a three color separating filter. 

M anrangement «- «*« when p-Wag ,ela.ance ^ajs asjo*,^ ^ ^ , 

^&^»^= -rSi - - .3. „ m aa„a «, a 

paper driving device (usually included '^^^^^sL, for controlling the color correct ion circuit 
„ The feedback control ecu rt 1 4 png«-N^ necessary fo ^ 

-cult 14 9 is constructed by using a standard type 

central processing unit (CPU) to pr ^ uc ® ^ e ^ b g C ^^J^ j Qn n of a feedback control circuit of a printer 
Fig: 8 is a view showmgj ^^^r^k^oTcTcuU 14 can use the usual computer that is 

50 ^ opening program (software) for the feedback conversjon program 

S s^n^T^ control circuit 14 as output 

dat %or exam P .e. if the input data is expressed as xyY and the output data is expressed as an - a 33 in the 
55 equation (1). the conversion program ff is expressed as follows: 

an - ass = ff(xyY) (2) 
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The program ff may be prepared in the form of a table or set of functions. 

The content of the program is prepared in the process of product development and is preset in a ROM 
or a hard disk memory. The procedure for presetting the program content is described as follows: 

First, the reference data is printed out under various ambient conditions with the measurements of the 
5 printed colors to receive measured yalues x' y* Y'. The thus obtained values may be expected to be varied 
and to differ from each other. Next, factors a11 - a33 in the equation (1) are so adjusted that the measured 
values of the printed results obtained at different ambient conditions may be equal to the standard value 
obtained at standard ambient conditions. 

For instance, if the program ff is edited in the form of a table, it is composed as follows: 
io Measured values x' y' Y of the printed colors at different ambient conditions are taken as addresses of 

memory and factors an - a3 a obtained at corresponding conditions are memorized with the respective 
addresses in the memory. i 

By doing so, it is possible to create a printer that is capable o^ carrying out correct color printing even 
at different ambient conditions. ■■ 
75 The printer, according to the present invention, can be used in the same way as a usual printing 

apparatus if the feedback control circuit is set at OFF position. It is recommended to provide a switch to 
switch off the feedback control circuit if necessary. 

Referring now to Fig. 9, we will explain the sequential operations of the printer embodied in the present 
invention according to the flow chart shown as follows: 
20 Step 1: When a start signal is switched to ON, the host computer 18 sends a command to start the 
printing operation. 

Step 2: The reference data generator 12 produces data to be used as the criterion for determining a 
variation in the printed colors due to a variation in the ambient conditions. 

Step 3: The printer engine 16 receives the reference data from the generator 12 and prints out said 
25 reference data on a printing paper sheet 

Step 4: The color sensor 13 reads the printed reference data. 

Step 5: The feedback control circuit 14 prepares a control signal for the color correction circuit 15 
according to the data read by the color sensor 13. 
Step 6: The host computer 18 sends out the data to be printed. 
30 Step 7: The control signal prepared in step 5 is loaded to the color correction circuit 15. 

Step 8: The data transferred from the host computer, through the input terminal 17, which shall be 
printed out, is corrected for color according to the reference data by the color correction circuit 15, 
having a constant of adjustment in advance. 

Step 9: The data are printed out in the colors corrected according to the reference data. A series of 
35 operations is completed. 

In the printer, according to the present invention, the printed reference data 21 initially printed on a 
marginal corner of the printing paper represents unnecessary patterns that may give an unfavorable 
impression to viewers. This may be avoided by providing the printer engine 16 with a cutter for cutting off 
the unnecessary portion of the printed reference data of 21 of the printed paper 20. 

40 

Claims 

1. A printer for printing according to color-corrected input signals, characterized by: a printer comprising a 
data generator (12) for producing reference data to determine a variation in printing colors, a printer 

45 engine (16). a color sensor (13) for measuring the reference data printed by the printer engine (16) 

according to the produced data, a feedback control circuit (14) for producing a control signal according 
to an output signal of the color sensor (13) and a color correction circuit (15) which is constantly 
adjusted by the control signal to eliminate a variation in color caused by a variation in ambient 
conditions, characterized in that the printing is carried out through the color correction circuit (15). 

so 

2. A printer according to claim 1, characterized in that the printer is provided with a cutter for cutting-off a 
portion of the printed paper, whereon the reference data is printed, according to the data output by the 
reference data generator (12). 
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